Do nematode and macrofauna assemblages provide similar ecological assessment information? To answer this question, in the summer of 2006, subtidal soft-bottom assemblages were sampled and environmental parameters were measured at seven stations covering the entire salinity gradient of the Mondego estuary. Principal components analysis (PCA) was performed on the environmental parameters, thus establishing different estuarine stretches. The ecological status of each community was determined by applying the Maturity Index and the Index of Trophic Diversity to the nematode data and the Benthic Assessment Tool to the macrofaunal data. Overall, the results indicated that the answer to the initial question is not straightforward. The fact that nematode and macrofauna have provided different responses regarding environmental status may be partially explained by local differentiation in microhabitat conditions, given by distinct sampling locations within each estuarine stretch and by different response-to-stress times of each benthic community. Therefore, our study suggests that both assemblages should be used in marine pollution monitoring programs.
Introduction
The introduction of biological features in the assessment of environmental quality is one of the innovations of recent monitoring programs, as required by the Water Framework Directive of the European Union (WFD, 2000/60/EC). Regarding communities of benthic invertebrates, those of macrofauna have been traditionally used to assess and evaluate ecological integrity. In fact, organisms comprising the benthic macrofauna are considered to be good indicators of coastal and estuarine ecological conditions for several reasons (see Pinto et al., 2009 for detailed references), including their taxonomic diversity and the abundance of many taxa, their wide range of physiological tolerance to stress and the variability of their feeding modes and life-history strategies. These traits allow the benthic macrofauna to respond to a wide range of environmental changes. Moreover, these organisms are relatively sedentary and thus cannot easily escape unfavorable conditions, which makes them reliable indicators of local pressure. In addition, some taxa are relatively long-lived and thus reflect the effects of environmental conditions integrated over longer periods of time. In terms of their study, benthic macrofauna are relatively easy to sample quantitatively and, compared to other, smaller sediment-dwelling organisms, they have been fairly well studied scientifically, with taxonomic keys available for most groups.
Specific indicators that can be used to determine macrofaunal abundance, diversity, and the presence/absence of sensitive species were proposed and subsequently tested in assessments of the environmental quality of coastal and estuarine systems (e.g., Borja et al., 2004; Bald et al., 2005; Simboura et al., 2005; Muxika et al., 2007; Rosenberg et al., 2004; Teixeira et al., 2009 ). Nevertheless, it may well be the case that meiofauna can also suitably reflect the ecological conditions present in a particular system. In fact, meiofaunal communities, namely, those of nematode, have generated considerable interest as potential indicators of anthropogenic disturbances in aquatic ecosystems (e.g., Coull and Chandler, 1992; Gheskiere et al., 2005; Gyedu-Ababio and Baird, 2006; Heip et al., 1988; Hoess et al., 2006; Lee and Correa, 2007; Moreno et al., 2008; Schratzberger and Warwick, 1999; Schratzberger et al., 2004; Shaw et al., 1983; Steyaert et al., 2007; Warwick, 1993) . For instance, Kennedy and Jacoby (1999) maintained that meiofauna has several potential assessment advantages over macrofauna, such as small size, high abundance, ubiquitous distribution, rapid generation times, fast metabolic rates, and the absence of a planktonic phase, resulting in a shorter response time and higher sensitivity to certain types of disturbance. Moreover, due to their ecological characteristics, meiofaunal organisms can act as suitable indicators of changes in environmental conditions over small spatial scales (e.g., Li et al., 1997; Soetaert et al., 1994; Steyaert et al., 2003) . According to Bongers and Ferris (1999) , if environmental scientists had to draft a group of organisms that would specifically serve to monitor and measure biodiversity and the impact of stressors, then the blueprint for those organisms would certainly closely match the characteristics of nematodes. However, while there are many general indices of biological diversity, only a few specific but limited tools have been developed for nematodes. Among these are the Maturity Index (Bongers, 1990) , which is based on the allocation of taxa according to life strategy, ranging from colonizers (r-strategists in the broad sense) to persisters (K-strategists), and the Index of Trophic Diversity (Heip et al., 1985) . Both have been widely used as proxies in environmental assessments based on nematode assemblages (e.g., Beier and Traunspurger, 2001; Bongers et al., 1991; Danovaro and Gambi, 2002; Gyedu-Ababio et al., 1999; Gyedu-Ababio and Baird, 2006; Heip et al., 1985; Moreno et al., 2008; Soetaert et al., 1995) .
What if, in an alternative approach, the best characteristics of meiofauna and macrofauna could be taken advantage of to obtain complementary information allowing more precise environmental monitoring? Several studies have compared the response of meioand macrobenthos community structure to disturbances and pollution (e.g., Austen and Widdicombe, 2006; Bolam et al., 2006; Schratzberger et al., 2003; Warwick, 1988; Warwick et al., 1990; Whomersley et al., 2009; Widdicombe et al., 2009) . As far as we know, in the few field studies in which the spatial patterns of meiofauna (or nematode) and macrofauna have been simultaneously compared, changes in both assemblages as a response to natural gradients were found to be scattered across a small number of habitats: a high-energy surf zone (McLachlan et al., 1984) , glacial fjords (Bick and Arlt, 2005; Somerfield et al., 2006) , a Brazilian atoll (Netto et al., 1999) , Brazilian mangroves (Netto and Gallucci, 2003) , an abyssal site in the NE Atlantic (Galéron et al., 2001) , NE Atlantic slopes (Flach et al., 2002) , offshore of the West UK coast (Schratzberger et al., 2004 (Schratzberger et al., , 2008 , the Thames estuary (UK) (Attrill, 2002) , Mediterranean sandy beaches (Covazzi et al., 2006; Papageorgiou et al., 2007) , and the Eurasian Arctic Ocean (Kröncke et al., 2000) . These investigations have demonstrated the fundamental advantage of a multi-species approach, with the inclusion of many taxonomic and functional groups that have a broad range of sensitivities to any given environmental regime (Attrill and Depledge, 1997) . This is particularly true for estuarine systems, where assessment of the environmental ecological conditions must account for their greater natural variability. Transitional waters are indeed more complex than other categories of surface waters. Indeed, conditions in areas close to the mouth of the estuary, where the marine influence is strong, are highly distinct from the polyhaline and mesohaline inner parts of the estuary, and differ, in turn, from the oligohaline conditions and fresh tide influence found at the estuarine head (Elliott and McLusky, 2002) . The natural stressors resulting from the presence of gradients such as these throughout the system could mask the response of potential indicators (Dauvin, 2007; Elliott and Quintino, 2007) . Therefore, prior to the use of environmental quality assessment tools, the different components that make up the system should be accounted for.
The principal aim of this work was to determine whether subtidal nematode and macrofauna assemblages could provide a comparable assessment of ecological conditions. In addition, we examined whether both assemblages (with their own specific tools and approaches) were able to characterize a priori defined estuarine stretches, and compared the changes in nematode and macrofauna community structure that occurred along a natural estuarine gradient.
Materials and methods

Study site
The Mondego River basin comprises an area of approximately 6670 km 2 , including a large alluvial plain consisting of high-quality agricultural land. The river's estuary ( Fig. 1 ) (western coast of Portugal; 40 • 08 ′ N, 8 • 50 ′ W) is 21 km long and constitutes a relatively small (860 ha) warm-temperate polyhaline system. At a distance of 7 km from the sea, Murraceira Island splits the estuary into two arms with very different hydrological characteristics. The North arm is deeper (5-10 m during high tide) and is the river's main navigation channel, receiving most of the freshwater input (27 m 3 s −1 in dry years up to 140 m 3 s −1 in rainy years; mean annual average of 79 m 3 s −1 ). It is therefore strongly influenced by seasonal fluctuations in river flow. The main pressures disturbing the Mondego's North arm mainly come from the facilities associated with the harbor at Figueira da Foz, specifically, dredging activities that cause physical disturbance of the bottom sediments. The South arm is shallower (2-4 m during high tide), with large areas of intertidal mudflats (almost 75% of the area) that are exposed during low tide . It is considered to be the richest area of the estuary in terms of productivity and biodiversity (Marques et al., 1993) . According to Veríssimo et al. (in press) , the upstream areas (oligo and mesohaline stretches) are essentially characterized by higher nutrients concentrations, coming from the Mondego River's catchment area, especially direct runoff from the 15,000 ha of cultivated land (mainly rice fields) in the lower river valley Teixeira et al., 2008) . The South arm is mainly distinguished by fine sediments and higher sediment organic matter content and, in general, the downstream stretches show higher values of salinity, dissolved oxygen and transparency (Veríssimo et al., in press ). Pereira et al. (2005) determined the concentration of major (Al, Si, Ca, Mg, Fe), minor (Mn), and trace elements (Zn, Pb, Cr, Cu, Ag, Cd, Hg) and organochlorine compounds in 24 stations along the entire estuarine area and concluded that all sediment samples showed low levels of contamination reflecting the weak industrialization of the region. Even though, the higher incorporation of elements was registred in muds deposit in the inner part of the South arm.
In addition to the aforementioned disturbances, the estuary also supports industrial activities, salt-extraction, aquaculture farms, and seasonal tourism activities that are centered around Figueira da Foz.
Sampling strategy
In the summer of 2006, the subtidal soft-bottom assemblages (nematodes and macrofauna) were sampled at seven sampling stations (St4, St13, St18, St19, St21, St23, and St25), located along the North and South arms of the Mondego estuary (Fig. 1) . The sampling stations were previously classified according to one of the five Venice salinity classes (Venice System, 1959) : freshwater < 0.5 (St25), oligohaline 0.5-5 (St21 and St23), mesohaline >5-18 (St18 and St19), polyhaline >18-30 (no station), and euhaline >30 (St4 and St13), according to bottom salinity information.
Environmental data
Simultaneous with the sampling of the benthic invertebrates, the salinity, temperature ( • C), pH, and dissolved oxygen (DO) (mg L −1 ) of the bottom water were measured in situ using a YSI "Professional plus" field probe, and the Secchi depth recorded. Additionally, water samples were collected for measurement of nitrate (N-NO 3 − ) (mol L −1 ) and nitrite (N-NO 2 − ) (mol L −1 ), ammonium (N-NH 4 + ) (mol L −1 ), and phosphate (P-PO 4 3− ) (mol L −1 ) concentrations, and subsequently analyzed in the laboratory according to standard methods as described in Strickland and Parsons (1972) and Limnologisk Metodik (1992) .
Due to logistic limitations in operating the sampling devices, subtidal sediment samples were collected at two levels. Thus, nematodes were collected close to the riverbank, at a depth of 1 m from the low-tide level ("M"), whereas macrofauna samples were obtained from the middle of the channel ("C") (at a depth ranging from 2.2 to 5.5 m at high tide conditions). Sediment organic matter (OM) content was defined as the difference between the weight of each sample after oven-drying at 60 • C for 72 h followed by combustion at 450 • C for 8 h, and was expressed as the percentage of the total weight. Grain size was analyzed by dry mechanical separation through a column of sieves of different mesh sizes, corresponding to the five classes described by Brown and McLachlan (1990) : (a) gravel (>2 mm), (b) coarse sand (0.500-2.000 mm), (c) mean sand (0.250-0.500 mm), (d) fine sand (0.063-0.250 mm), and (e) silt and clay (<0.063 mm). The relative content of the different grain-size fractions was expressed as a percentage of the total sample weight.
Meiofauna and nematode assemblages
At each station, three replicates were collected by forcing a "Kajak" sediment corer (4.6 cm inner diameter) 3 cm into the sediment. All samples were preserved in a 4% buffered formalin solution. Meiofauna was extracted from the sediment fraction using Ludox HS-40 colloidal silica at specific gravity 1.18 g cm −3 and using a 0.038 mm sieve (Heip et al., 1985) . All meiobenthic organisms were counted and identified at a higher taxonomic level under a stereomicroscope (magnification 40×). The abundance (individuals per 10 cm 2 ) of each meiofauna group was quantified. Meiofauna taxa identification was based on Higgins and Thiel (1988) and Giere (1993) . A random set of 120 nematodes, or the total content of individuals in samples with less than 120 nematodes, was picked from each replicate. The nematodes were cleared in glycerol-ethanol solution, stored in anhydrous glycerol, and mounted on slides for identification (Vincx, 1996) . According to the majority of the meiobenthologists, nematode genus is considered a taxonomic level with good resolution to discriminate disturbance effects (Gyedu-Ababio et al., 1999; Moreno et al., 2008; Schratzberger et al., 2004 Schratzberger et al., , 2008 Warwick, 1988; Warwick et al., 1990) . Moreover, colonizer-persister (c-p) values allocated to marine and brackish nematodes used to calculate the Maturity Index (Bongers et al., 1991) were based on family and genus taxonomic level resolution. Therefore, nematode genus were identified according to the criteria of Eyualem-Abebe et al. (2006) , Platt and Warwick (1988) , and Warwick et al. (1998) .
Macrofauna assemblages
Samples consisting of five replicates were removed using a Van Veen grab (model LMG) with an area of 0.078 m 2 . Samples were sieved in situ through a 0.5 mm mesh sieve bag and preserved in a 4% buffered formalin solution. The collected specimens were later counted and identified at the species level, whenever possible.
Data analysis
Environmental variables
Environmental variables were square-root transformed (except dissolved oxygen and pH) whenever data were moderately skewed in distribution. All variables were then normalized and subjected to principal components analysis (PCA) for ordination. A lower triangular Euclidean distance matrix relating to the ordination was constructed (Clarke and Green, 1988) . Two PCA analyses were performed, using the environmental parameters registered in the two subtidal levels ("M" where nematodes were collected, "C" were macrofauna was sampled).
The relationships between multivariate community structure and environmental variables were examined using the BIOENV procedure (Clarke and Ainsworth, 1993) , which calculates rank correlations between a similarity matrix derived from biotic data and matrices derived from various subsets of environmental variables, thereby defining suites of variables that 'best explain' the biotic structure. Environmental data were analyzed prior the BIOENV procedure in order to exclude highly correlated environmental variables. For the analyses of environmental variables, only one sample was taken from each station; therefore, the species abundances based on the number of replicates at each station were averaged for analyses linking biotic and abiotic data. Bray-Curtis similarity matrices, derived from the averaged transformed biotic data, were compared with the environmental distance.
2.3.2. Benthic fauna 2.3.2.1. Univariate analysis of the data. One-way ANOVA with "space" as the fixed factor (7 levels: St4, St13, St18, St19, St21, St23, and St25) was used to test for spatial differences with respect to total density, number of species, Margalef index (d), and Shannon-Wiener index (H ′ ). Nematodes assemblages were analyzed using GMAV5 software (Institute of Marine Ecology, University of Sydney), after checking the homogeneity of the variance with the Cochran test. When differences were found, a posteriori comparisons were made using the Student-Newman-Keuls (SNK) test (Underwood and Chapman, 1997) . The Kruskal-Wallis test was used to analyze spatial differences regarding nematode total density. For macrofauna communities, the analyses were carried out using the software package Minitab version 12.2. The data were checked for normality using the Kolmogorov-Smirnov test, and the homogeneity of variances was assessed using Levene's test. Data not meeting the homoscedasticity assumption were transformed. (Bongers et al., 1991; Bongers, 1999) , trophic group (Wieser, 1953) and total density (ind 10 cm −2 ) for each of the nematode genera identified. The colonizers-persisters scale (c-p value) is composed of five classes, 1-5; the colonizers (cp-1) and the persisters (cp-5). Trophic group: (1A) no buccal cavity or a fine tubular one -selective deposit (bacterial) feeders; (1B) large but unarmed buccal cavity -non-selective deposit feeders; (2A) buccal cavity with scraping tooth or teethepistrate (diatom) feeders; (2B) buccal cavity with large jaws -predators/omnivores.
Pair-wise differences were assessed with the post-hoc Tuckey test. Univariate measures were calculated for each sampling station based on the benthic invertebrate density data of all replicates, using the PRIMER 6.0 software package.
To estimate the correlation between number of nematode genus, number of macrofauna taxa, nematode total density, macrofauna total density, d and H ′ for nematode, d and H ′ for macrofauna, MI (Maturity Index), ITD (Index of Trophic Diversity) and BAT (Benthic Assessment Tool), the Spearman correlation coefficient was calculated, using the Statistica 7 software package.
2.3.2.2. Multivariate analysis of benthic fauna data. Both for nematodes and for macrofauna communities, multivariate analysis was applied according to the procedures described by Clarke (1993) , using the PRIMER v6 software package (Clarke and Warwick, 2001) (Plymouth Marine Laboratory, UK). Lower triangular similarity matrices were constructed using square-root transformation and the Bray-Curtis similarity measure. Contributions to similarity by abundant species were reduced by transformations, and the importance of less-abundant species in the analyses thereby increased. ANOSIM (analysis of similarities) was carried out to test for differences among estuarine stretches. Ordination was by non-metric multidimensional scaling (nMDS) (Clarke and Green, 1988; Kruskal and Wish, 1978) . Taxa with the greatest contribution to differences between stretches of the estuary were identified using the similarity percentage analysis procedure (SIMPER) (cut-off percentage: 85%).
2.3.3. Ecological quality status assessment 2.3.3.1. Nematode. The Maturity Index (MI) (Bongers et al., 1991) was calculated to measure the impact of disturbances and to monitor changes in the structure and functioning of nematodes assemblages. Based on their specific characteristics, all nematode genera were distributed along a colonizer-persister (c-p) scale. The MI was calculated as the weighted mean of the individual taxon scores:
where v(i) is the c-p value of the taxon i (Table 1) and f(i) is the frequency (per replicate) of that taxon. The index is expressed as a c-p value, ranging from c-p = 1 for a colonizer to c-p = 5 for a persister, and represents the life-history characteristics associated with rand K-selection, respectively. Thus, taxa with c-p = 1 are r-selected, with short generation times, large population fluctuations, and high fecundity while taxa with c-p = 5 are K-selected, producing few offspring and generally appearing later in a given succession (Bongers and Bongers, 1998; Bongers and Ferris, 1999) . Low c-p values correspond to taxa that are relatively tolerant of ecological disturbances, unlike taxa with high c-p values, which are sensitive (Neher and Darby, 2009 ). The MI, in practice, varies from 1, under extremely disturbed conditions, to 3 or 4 under undisturbed conditions.
The Index of Trophic Diversity (ITD, Heip et al., 1985) was also estimated. Nematode genera were classified according to the criteria of Wieser (1953) into four feeding groups to investigate the trophic structure of the assemblage (Table 1) : selective (1A) and non-selective (1B) deposit feeders, epistrate-feeders (2A), and predators/omnivores (2B). The ITD was then calculated as:
where is the density contribution of each trophic group to total nematode density (Heip et al., 1985) , ranging from 0.25 (highest Table 2 Environmental variables measured at 2 levels ("M", near the margin, 1 m depth from low-tide level; "C," middle of the channel at a depth ranging from 2.2 to 5.5 m at high tide conditions), in each sampling station, in the summer of 2006. 
Results
Environmental variables
Water transparency, DO, and salinity increased from the upstream stretch towards the mouth along both arms of the estuary ( Table 2 ). The pH values were similar throughout the system. The concentrations of nitrates and phosphates in the bottom water were, to some extent, spatially heterogeneous but, in general, were higher in the upstream stretch and decreased towards the mouth. Sediments in the "M" level of the estuary's upper stretches had a higher OM content than in the "C" level, wherein the OM content was essentially the same on average, regardless of the stretch. In the upstream stretch of the estuary, sediments from the "C" level consisted mostly of mean and coarse sand, while sediments of "M" level were very variable in particle-size composition.
The two ordinations of environmental factors determined by PCA allowed the different sampling stations to be categorized in four groups (Fig. 2): (1) freshwater, (2) oligohaline, (3) mesohaline, and (4) euhaline. Based on data from the environmental parameters, PCA showed that the first two principal components accounted for 87% of the total variability in the case of the M level (nematodes), and 90% in the case of the C level (macrofauna). In both analyses, variability along the first axis was mainly explained by an increase in temperature and in the concentration of nitrates, nitrites, ammonium, and phosphates from the mouth to the inner stations of the estuary, and a concomitant decrease of salinity and dissolved oxygen values. Variability along the second axis was mainly explained by the contrast between stations, i.e., stations characterized by higher proportions of fine sand, silt + clay, and OM vs. those with higher proportions of coarser sediments. In general, analogous ordinations were observed at both location levels. Table 3 shows the mean density (number of individuals per 10 cm 2 ) of meiofauna main taxa in each station. Although the proportion of nematodes decreased in the freshwater section, thus presenting a similar pattern to that observed in several other estuaries (Smol et al., 1994; Soetaert et al., 1994 Soetaert et al., , 1995 Udalov et al., 2005) , nematodes were the dominant taxon along the estuarine gradient representing 88% of the total meiofauna in the estuary. For this reason and because the more commonly used meiobenthic indicators use nematode data, from here after, the study was focused only on this phylum.
Nematode assemblages
Sixty-one genera of nematodes belonging to 24 families were identified. The dominant families were Desmodoridae, Anoplostomatidae, Xyalidae, Comesomatidae, Chromadoridae, and Microlaimidae. The genera Metachromadora (19.3%), Anoplostoma (13.7%), Daptonema (9.9%), Sabatieria (9.8%), Microlaimus (8.1%), Sphaerolaimus (4.3%), Axonolaimus (3.8%), Mesodorylaimus (3.7%), Prochromadorella (2.8%), Dichromadora (2.8%), and Viscosia (2.6%) together represented 80.6% of the total nematode density. The freshwater and oligohaline stretches of the Mondego estuary were characterized by the presence of freshwater nematodes (Mesodorylaimus and Mononchus), and the mesohaline section by high densities of Anoplostoma, Daptonema, and Viscosia, while in the euhaline section, Metachromadora, Anoplostoma and Table 3 Mean density (number of individuals per 10 cm 2 ) of meiofaunal taxa at each station in the Mondego estuary. Microlaimus predominated in the Southern arm and Sabatieria, Leptolaimus, and Dichromadora in the Northern arm. The mean density varied from 38.6 ± 3.2 individuals (ind) 10 cm −2 at St25 to 1323.1 ± 63.8 ind 10 cm −2 at St4. The significant difference between stations (H = 12.95, 6 d.f., p = 0.0438) (Fig. 3A) was explained by the high density values recorded at a single station (St4).
There were significant differences between the stations regarding the number of taxa (F 6,14 = 3.40, p = 0.03), with the lowest diversity (16 genera) detected at the oligohaline station (St23), and the highest (29 genera) in the euhaline stations (Southern arm). Among the latter, eight genera were found exclusively there (Fig. 3B) . The only genus present in all sampling stations was Daptonema. The Margalef index (Fig. 3C ) did not significantly differ between the seven stations (F 6,14 = 1.08; p = 0.42), in contrast to the Shannon-Wiener index (Fig. 3D) , which differed significantly between stations (F 6,14 = 8.19, p < 0.00062; SNK test p < 0.05), Specifically, the values at St4, in the euhaline area of the South arm, were significantly higher than those at St13, St18, St19, St23, and St25. The ANOSIM test identified significant differences and thus distinct assemblages between the estuary's stretches (global R = 0.804, p = 0.001). The pair-wise test revealed significant differences between the assemblages from all stretches (p < 0.05). Significant results were also obtained for the oligohaline and mesohaline stretches (R = 0.37, p = 0.009). Nevertheless, in those cases, the R-values differed only slightly between the groups, screening a real difference that could not have occurred by chance in the absence of a group effect. Therefore, ecologically, these two communities are indeed slightly different from each other. The nMDS plot clearly reflected the spatial distribution of nematodes along the estuarine gradient (Fig. 4A ). As described above, the sampling stations are completely separated from each other, and the euhaline stations in the Southern and Northern arms can be separated based on the composition and density of their nematode populations.
SIMPER analysis showed maximum dissimilarity between assemblages from the freshwater and those from the euhaline stretches of the Southern (99.3%) and Northern (98.4%) arms. The freshwater estuarine stretch was mostly characterized by freshwater nematodes (Mesodorylaimus and Mononchus). The euhaline assemblages present in the two arms were clearly distinguishable (dissimilarity 84.8%), mainly due to the higher density of Metachro- Table 4 Species determined by SIMPER analysis as contributing the most to the similarity within salinity stretches for (A) nematodes and (B) macrofauna assemblages. Shaded boxes: percent similarity (bold) and the species that contributed to the similarity in each group. Non-shaded box, percent dissimilarity (bold) between salinity segments and the species that contributed to the total dissimilarity (cut-off percentage: 85%). NA, North arm; SA, South arm.
A. Nematodes
Euhaline SA (St4 (Table 4A ). BIOENV analysis showed that a combination of four variables, i.e., the percentage of mean sand and the N-compounds N-NO 3 , N-NO 2 − and N-NH 4 + , accounted for around 92% of the variability within the nematodes assemblages.
Macrofauna assemblages
Of the 105 macrofauna taxa identified along the estuary, 92.9% of the total macrofaunal density was accounted for by: Corophium multisetosum (33.8%), Corbicula fluminea (20.5%), Hydrobia ulvae (11.3%), Cyathura carinata (10.1%), Streblospio shrubsolii (8.1%), Cerastoderma glaucum (3.7%), Cerastoderma edule (3.2%), and Oligochaeta (2.2%).
The mean total density varied between 1774 ± 1297 ind m −2 at St13 and 12717 ± 2143 ind m −2 at St19. Significant differences in macrofaunal density were recorded between stations (F 6,28 = 17.94, p = 0.0001) (Fig. 3A) . The mean density at St19 was significantly higher than at all other stations with the exception of St4. This last station had significantly higher values than at St13, St18, and St23. The number of species differed significantly between stations (F 6,28 = 24.09, p = 0.0001) (Fig. 3B) , with a higher number of species present at the euhaline stations than at all stations with the exception of St19, where the number was significantly higher than that determined at either St18 (belonging to the same mesohaline area) or the oligohaline and freshwater stations.
Regarding the Margalef index (Fig. 3C) , unlike the case for nematodes, significant differences were found between the seven stations (F 6,28 = 32.65, p = 0.0001), with a higher species richness again recorded at the euhaline stations than at all the other estuarine stations. The values obtained at mesohaline St19 were significantly higher than those of the two most upstream stations (St23 and St25). The Shannon-Wiener index (Fig. 3D ) was also significantly different between stations (F 6,28 = 23.97, p = 0.0001), with significantly higher values at St13, located in the North arm than at all other stations. Furthermore, the values at the freshwater station (St25) were significantly lower than those at St4 St19, St21, and St23.
The ANOSIM test showed highly significant differences and thus distinct assemblages between estuarine stretches (global R = 0.694, p = 0.001). Moreover, the pair-wise tests indicated significant differences among all of the assemblages (p < 0.05). The results were confirmed by the nMDS plot (Fig. 4B) .
As with nematodes, the euhaline stretch was divided in terms of the Northern and Southern arms in order to capture possible differences between these two subsystems (Table 4B ). The results showed high levels of dissimilarity between the assemblages from the different salinity stretches, with the dissimilarity between the euhaline stations of the two arms and those of the mesohaline, oligohaline, and freshwater stretches ranging between 95% and 99%. Both euhaline areas were mainly characterized by H. ulvae and Cerastoderma sp. Variations in the relative abundance of these common species accounted for most of the dissimilarity between the two euhaline subsystems (higher values in the Southern arm). The assemblages of the mesohaline stretches were characterized by high abundances of C. multisetosum, C. carinata, S. shrubsolli, and C. fluminea. It was interesting to note that C. multisetosum and C. fluminea showed impressive abundances around this salinity stretch (4022 ind m −2 and 700 ind m −2 , respectively). These two species were also characteristic of the freshwater stretch (1712 ind m −2 and 4228 ind m −2 , respectively).
BIOENV analysis identified salinity and DO as the most relevant variables explaining the macrofaunal spatial pattern ( = 0.83).
Ecological quality status assessment
Nematode
The ITD clearly discriminated between nematode assemblages belonging to each estuarine stretch, with the highest trophic diversity occurring at the euhaline stations. At the freshwater station, the ITD was relatively high (low diversity) mainly due to the dominance of "predators/omnivores" (2B) (Fig. 5A) . By contrast, the MI values were similar between most sampling stations, only differentiating the upstream stretch from the other stretches. The highest values were recorded at St23 and St25, where the conditions were undisturbed, as defined by Bongers et al. (1991) .
Macrofauna
The BAT results showed that the EQS ranged from 'Poor' to 'Moderate' (Fig. 5B) . The lowest quality was found in the freshwater stretch (St25) and the highest in the oligohaline area. Although the values obtained for the mesohaline stations were within the classification range determined for the other stations, the within-site variability was higher (particularly at St18).
Discussion
As mandated by the WFD, existent aquatic ecosystems with natural gradients arising from differences in salinity, particles size, organic matter content, nutrients, sediment cover, etc., must be surveyed. However, only a few of the field studies that examined the spatial distribution patterns also compared, directly and simultaneously, changes occurring in macrofaunal and nematode assemblages in response to such gradients. Although lacking temporal replication, our survey provides an assessment of the current ecological conditions in an estuarine system, thus providing a baseline for the future monitoring of long-term changes by examining their effects on these two different benthic invertebrate communities.
Influence of environmental factors
Due to logistic constrains, nematode and macrofauna assemblages have been sampled at two different depth levels (and probably in different microhabitats) within the same river stretch. Although the environmental variables measured along the Mondego estuary clearly reflected an estuarine gradient ranging from freshwater to euhaline areas, specifically, in terms of salinity, particle size, and nutrients in the water, the abiotic complementary data also showed within level differences. These changes may have contributed to affect the small-scale response of the assemblages to other super-parameters such as the aforementioned ones. In addition, two gradients were clearly recognizable in the North and South arms of the estuary, which can be explained by their distinct hydrological regimes. BIOENV analysis showed that the distribution of nematode and macrofaunal communities can be explained by distinct environmental factors. The main structuring factors for nematode were the nutrient concentration in the estuary's waters and grain size. The prime importance of the estuarine gradient structuring the spatial distribution, abundance, and species composition of free-living nematodes has been described in several other studies as well Coull, 1999; Ferrero et al., 2008; Vincx et al., 1990) . For macrofaunal communities, the primary structuring factors were probably differences in salinity and DO, characteristic of transitional systems (Attrill, 2002; Bulger et al., 1993; McLusky and Elliott, 2004) . Thus, whereas several environmental parameters determined the structure of nematode assemblages, only two factors could affect the macrofaunal assemblages, suggesting that nematodes are more receptive to within-habitat physical variability than macrofauna (also observed by Schratzberger et al., 2008) . In fact, the spatial patterns of temperate nematode communities on different horizontal scales have already been investigated extensively in different estuaries. Most of these studies related structural patterns of the nematode assemblages to environmental variables as sedimentary and latitudinal gradients, food resources, salinity, and disturbances of different nature (Guo et al., 2001) 
Community structure
Meiobenthos and macrobenthos communities, in addition to being separated on the basis of size, have a series of distinctive ecological and evolutionary characteristics suggesting that the segregation of the two groups is a meaningful one (Warwick, 1984) . The small size, the high diversity and density of nematodes, associated with shorter generation times and no planktonic phase in their life cycles, allow (potentially) shorter response time (Gyedu-Ababio et al., 1999; Moens et al., 1999) . Likewise, it can be expected that these two components of the benthos respond differently to disturbances of their communities, and that these responses provide an interesting and useful basis of comparison.
Number of taxa
In the Mondego estuary, nematode communities were made up of a high number of genera, but with few dominant taxa, as observed in other systems Li and Vincx, 1993; Soetaert et al., 1995; Steyaert et al., 2003; Ferrero et al., 2008) . As was the case for density, the number of genera tended to decrease, consistent with the transition from the sea to freshwater. This pattern was also found in studies of other European estuaries (Coull, 1999; Heip et al., 1985; Soetaert et al., 1995) , although these environments were made up of fewer genera. A clear tendency of a decreasing number of taxa from euhaline to freshwater areas was also observed for macrofauna communities. This pattern is abundantly described in the literature and corresponds to the Remane diagram, redrawn according to the two-ecocline model proposed by Attrill and Rundle (2002) , in which freshwater species are shown to decrease as salinity increases, and marine species decrease as salinity decreases. Very few species, however, are physiologically adapted to survive in the salinity of the oligohaline zone (Dauvin and Ruellet, 2009 ).
Density and composition
Macrofauna and nematode densities changed along the estuarine gradient. Meiofaunal communities were clearly dominated by nematode , which were of low density in the freshwater and oligohaline stretches of the estuary and of higher density in its euhaline stretches. This pattern was similar to those observed in several other estuaries (Smol et al., 1994; Soetaert et al., 1994 Soetaert et al., , 1995 Udalov et al., 2005) . Moreover, the density values were similar to those reported for the communities living in subtidal sediments of Northern European estuaries (Smol et al., 1994; Soetaert et al., 1994) . Macrofaunal density differed in distribution, with the maximum density reached in the mesohaline stretch, due to the extremely high density of r-selected species such as C. multisetosum, followed by C. carinata and S. shrubsolli, and a minimum in the euhaline stretch.
The transition from freshwater fauna to typical estuarine assemblages and then to marine communities has been observed for both benthic groups. Particularly, regarding nematode, Daptonema was present along the entire Mondego estuary (this study) and the Thames estuary , reflecting the wide salinity tolerances known for many estuarine species (e.g., Heip et al., 1985) .
In our study area, the two communities gave the same "picture" of the estuary and closely followed its estuarine gradient, with the distinction between stretches even more evident as represented by the nematode community. Given their small size and low mobility, nematodes are more susceptible to within-habitat physical variability than larger, more mobile, and potentially more highly dispersed members of the macrofauna (as described for polychaetes by Schratzberger et al., 2008) . As observed by Schratzberger et al. (2008) in two offshore subtidal habitats of the west coast of the UK, the similarity of the studied communities also significantly decreased with distance at the spatial scales sampled, with the trend being more evident in benthic nematodes. The number of microhabitats and niche speciation within seemingly homogenous sediments is high for nematode and this can result in high variability at small spatial scales (Schratzberger et al., 2008) . Species respond to spatial variation in the environment at their own unique scales and this is function of their behaviour, body size, mobility and dispersal potential (Schratzberger et al., 2008) .
Ecological assessment information
The objective of classical community indices is to condense community data into one or a few variables to simplify analysis, interpretation, or review (Neher and Darby, 2009 ). For the communities analyzed in the present study, the broadly used Margalef and Shannon-Wiener indices generally followed the number of taxa, with higher diversity and equitability in the euhaline stations. The lower Shannon-Wiener index values determined for stations 18 and 19 (mesohaline) suggested that at these sites both assemblages were under some type of stress (Gyedu-Ababio et al., 1999) . However, whether the disturbances were natural, anthropogenic, or both could not be determined since the responses to the two types of stress are difficult to differentiate ("Estuarine Quality Paradox"; Elliott and Quintino, 2007) .
In the broadest sense, diversity can refer to the sum of the differences imposed by life form and function, including multiple scales of organization, spatial arrangement (alpha, beta, and gamma diversity), habitat, and environmental disturbance (Neher and Darby, 2009 ). Current research is largely based on the description of assemblages using a taxonomic approach, but in ecology the coupling of taxonomic and functional diversity can also be a powerful tool. The functional role of nematodes in terms of feeding type, as first described by Wieser (1953) , can be exploited to better understand the dynamics of a particular ecosystem, as this approach, despite its known limitations, yields insights into the system's mode of function. The relative proportion of each of the four nematode feeding guilds in a community generally depends on the nature of the available food, which in turn is dependent on sediment composition (Danovaro and Gambi, 2002; Moens and Vincx, 1997) . According to the ITD values, the trophic composition of the assemblages varied along the Mondego estuary but did not follow a regular pattern. At the freshwater station the ITD was relatively high (low trophic diversity), mainly due to the dominance of omnivores/predators whereas at the euhaline section trophic diversity was higher, with more even representation of all feeding groups.
Other authors (e.g., Gyedu-Ababio et al., 1999) suggested that a triad of metrics, the MI, Shannon-Wiener diversity index (H ′ ), and the c-p (%), is a useful tool in pollution monitoring, especially organic pollution involving nematodes. For instance, Beier and Traunspurger (2001) , studying two small German streams, noted that the MI decreased in polluted sites. At our study site, despite the differences in density, composition, and structure along the estuary, the MI values in the mid-estuary and downstream sections were very similar, with 42% of the genera classified as colonizers (c-p = 2). Nematodes with a c-p value of 2 are considered opportunistic and able to take advantage of disturbed or polluted environments (Gyedu-Ababio and Baird, 2006) . However, the MI was not affected by the low diversity and density values of the freshwater and oligohaline sections and classified these areas as undisturbed. Comparing with Soetaert et al. (1995) , where the meiofauna from the intertidal zone of five European estuaries (Ems, Westerschelde, Somme, Gironde, Tagus) covering various benthic habitats, from near-freshwater to marine and from pure silts to fine-sandy bottoms was investigated, we may see that the MI values determined for the Mondego estuary fall within those of other European estuaries (2 < MI < 2.5)-with the exception of the freshwater station in the Gironde, where the index was much lower than at other stations.
According to the BAT results, the EQS varied between 'Poor' and 'Moderate,' with the lowest quality determined for the freshwater stretch. Although the BAT values of the mesohaline stations were within the classification range of the other stations, there was higher within-site variability (particularly at St18). Thus, the upstream classifications must be interpreted with caution, pending further adjustment of the BAT's boundary values between thresholds of quality classes, in order to deal with natural gradients (Teixeira et al., 2009) .
Overall, the results of our study allow us to answer the question whether nematode and macrofauna assemblages provide comparable ecological assessment information (Table 5) as follows:
1. Euhaline stretch: In general, assemblages of the two benthic invertebrate groups in this area were rich in diversity and regularly structured. The ITD value confirmed this result, indicating high trophic diversity within the nematode community. By contrast, the MI values were low, reflecting the fact that they were characterized by a high percentage of colonizer taxa, typical of disturbed conditions. The BAT values were in line with the MI, classifying the EQS as moderate. Although located in different subsystems, the water conditions of St4 and St13 were similar to those in this stretch, differing essentially only with respect to sediment parameters (OM and granulometry). The sediment composition is very important for macrofauna, and for these two euhaline stations might explain the disagreement between the BAT results and the Margalef and Shannon-Wiener results. The higher percentage of fine sediments and sediment OM can naturally favor the presence of organisms (e.g., polychaetes and oligochaetes), usually associated with more polluted areas. These differences in composition are described by the AMBI (it considers species sensitivity to organic enrichment), counterbalancing the results of the diversity indices and lowering the St4 score. 2. Mesohaline stretch: Here, the structural diversity of nematodes and macrofauna was low while the ITD values reflected the low trophic diversity. The MI and BAT values were in accordance with this stretch's moderate ecological quality status. 3. Oligohaline stretch: All indices described an intermediate classification compared to the other two stretches. The only exception was the ITD pertaining to the nematode assemblage, as its trophic composition was relatively diverse. 4. Freshwater stretch: While the ITD and BAT indicated low trophic diversity and poor ecological status, respectively, the MI values suggested the opposite, as in this area they were the highest, typical of undisturbed environmental conditions. The interpretation/integration of the classification results is far from being straightforward, particularly in the oligohaline/freshwater stretches. Strong water flow and bottom shear stress, together with low salinity values and high daily variations of water temperature, are often pointed out as factors that determine difficult conditions for macrofauna species' establishment and survival. Information on upper areas of transitional waters is scarce, although enough to conclude that we are in presence of an inhospitable environment that supports the least diverse communities or organisms found between freshwater and the sea (e.g., Remane and Schlieper, 1971; Jordan and Sutton, 1984) . Therefore, it is really a challenge to distinguish between natural higher selective pressure and consequences of human-induced disturbance. In the Mondego estuary, these stretches are, in fact, characterized by a very low number of species and the assemblages are dominated by the exotic clam C. fluminea (Vinagre, personnal presentation). According to Phelps (1994) and Darrigran (2002) , once established, this invasive species may have considerable ecological impacts such as changes in food webs and competition with native species. Specifically, in this study, we only found C. fluminea, C. multisetosum, Oligochaeta, C. carinata, Chironomidae larva, Spio sp. and Gammarus sp. So, we cannot say for sure that these species are the only able to cope with the high natural selectivity or that, instead, they are the only able to resist to C. fluminea competitive pressure or to other unidentified source of anthropogenic stress. BAT, a taxonomic sufficiency-based multimetric index, is telling us that the upstream areas are in "Poor" condition, reflecting the low number of species and the presence of C. fluminea and the opportunistic oligochaete species. The question that has to be raised is: would these assemblages be different (e.g., higher diversity, without opportunistic species) in a pristine condition? Unfortunately, we still are not able to answer the question undoubtedly. On the other hand, nematode assemblages also showed a reduction in species number in the oligohaline/freshwater stretches. Besides, the fewer species, in general, according to MI, the species are persisters (life-history characteristics associated with K-selection) and the assemblage shows low trophic diversity (high ITD values). Are these indications of lower natural selectivity pressure on this benthic component? We cannot say definitely.
Thus, the answer to the question posed in the title of this paper appears to be difficult. Our results, more than giving clear patterns, left us with several unsolved challenges. Although both invertebrate groups were characterized by distinctive assemblages along the estuary, consistent with the estuarine stretches defined a priori, when several structural and functional attributes were analyzed in detail, differences between the two groups were revealed. Moreover, for each benthic group, in several respects the ecological indicators gave divergent information. For instance, ITD and MI are indicators of ecosystem function; the first focusing on the trophic structure of the assemblages and the second on the life strategy characteristics of nematodes. However, although applied to the same nematodes dataset, they yielded different classifications of the ecosystem. Moreover, this was also the case for the classical diversity indices. The uncertainty became even greater for the integration of macrofauna data. This finding highlights the need to develop a nematode-based multimetric index that takes into account abundance, composition, and taxon sensitivity to stress (similar to the multimetric BAT for macrofauna), in order to provide clearer information regarding ecosystem status in accordance with the WFD requisites.
In summary, our study shows that macrofauna and meiobenthic nematodes may provide different but complementary types of information, depending on the indices used and the different "response-to-stress" times of each benthic group. Optimally, both groups should be used in marine pollution monitoring programs.
